The present study was carried out at Agronomy Department, Faculty of Agriculture, Kafrelsheikh University, Egypt during the two successive seasons 2013 and 2014. The material of this study included thirteen rice genotypes viz., and Gaori. Such genotypes were sown on three different sowing dates i.e. 15 th April, 1 st May and 15 th May under three nitrogen fertilization levels; 40, 60 and 80 kg N/fed. Split plot design with three replications was used for each sowing date. The present investigation was undertaken to study yield potential, genetic diversity, correlation and path analysis as well as genetic variability of the aforementioned rice genotypes under the different sowing dates. The mean squares due to sowing dates, nitrogen levels, genotypes and the first order as well as the second order interactions were significant or highly significant for most of the studied characters. The first sowing date (15 th April) recorded the most desirable estimates for panicle length, number of spikelets/ panicle, number of grains/ panicle, fertility percentage, 1000-grain weight and grain yield. The intermediate nitrogen level (60 kg N/fed) recorded the most favorable values for grain yield, number of grains/ panicle and panicle length. As a mean over sowing dates and nitrogen levels, grain yield was maximized in case of Hybrid rice 2, IET 1444 and Giza 178. Hybrid rice 2 recorded the most desirable estimates of number of grains/ panicle and number of panicles/ panicles either under the first or the second sowing dates associated with the highest nitrogen level.
INTRODUCTION
Rice (Oryza sativa L.) is one of the three most important grain crops in the world. Grain yield is a complex character and it is a final outcome of multiplication interactions between various yield-related characters. Hybridization followed selection in segregated generations consider an important method in rice breeding. Selection of genotypes with all possible desirable yield contributing traits is the most important criteria in any crop improvement program (Sweta and Singh, 2010) . The studies on the correlation provide information about interrelationship between grain yield and yield components, which are very useful for selection program. Previous results showed that grain yield was positively correlated with each of number of productive tillers/ plant and number of grains/ panicle (Surek and Beser, 2003) ; days to heading, panicle length, plant height and number of panicles/ plant (Babar et al., 2007) and number of spikelets/ panicle and panicle length (Geethadevi et al., 2000) . Similar results reported that grain yield was positively correlated with each of number of panicles/ plant and number of grains/ panicle (Ramanjaneyulu et al., 2014) ; plant height and panicle length (Shabier et al., 2013) and heading date (Kole et al. , 2008 , Ullah et al., 2011 and Lakshmi et al., 2014 . Grain yield exhibited significant positive correlation with number of productive tillers/ plant, panicle length, spikelet fertility and number of grains/ panicle (Gopikannan and Ganesh, 2013) . The correlation studies revealed that number of days to 50% heading was positively correlated with 1000-grain weight and grain yield, while plant height was positively correlated with each of panicle length and number of grains/ panicle (Sarker et al., 2014) . Panicle length had positive and significant association with number of grains/ panicle and number of productive tillers/ plant (Gopikannan and Ganesh, 2013) . Number of grains/ panicle had positive correlation with panicle length and grain yield (Gunasekaran et al., 2010) . Rashid et al. (2014) reported that number of panicles/ plant had strong positive correlation with each of number of days to 50% heading, number of grains/ panicles and grain yield.
Splitting the total correlation into direct and indirect effects (path analysis) assist in identifying characters that are important in selection program to improve grain yield. Path analysis in rice were earlier studied by many investigators like El-Hity and El-Keredy (1992) , Samonte et al. (1998) , Surek and Beser, 2003) , Babar et al. (2007) , Statish et al. (2009) , Nagaraju et al. (2013) and Sarker et al (2014) . Number of productive tillers/ plant, number of grains/ panicle and plant height showed positive direct effect on grain yield (Babu et al., 2012) . Number of grains/ panicle exhibited the maximum positive direct effect on grain yield followed by number of panicles/ plant and plant height (Nagaraju et al., 2013) . Genotypic (GCV) and phenotypic (PCV) coefficient of variability are useful in detecting the amount of variability among genotypes (Idris et al., 2012) . Heritability estimates is an important parameter which helps the breeder to select a plant trait that is high heritable (Akhtar et al., 2011) . High estimates of heritability coupled with high genetic advance were observed for number of days to first flowering, number of productive tillers/ plant, number of filled grains/ panicle, number of spikelets/ panicle and grain yield (Satheeshkumar and Saravanan, 2012) . Study of genetic diversity through cluster analysis helps and improves the chances of selecting better sergeants for various traits (Lingaiah et al., 2014) . The present investigation was undertaken to study yield potential, genetic diversity, correlation and path analysis as well as genetic variability of some rice genotypes under different sowing dates and nitrogen levels.
MATERIALS AND METHODS
This investigation was carried out at the Agronomy Department, Faculty of Agriculture, Kafrelsheikh University, Egypt during the two successive seasons 2013 and 2014. The material of this study included thirteen rice genotypes viz., IRAT 170, IRAT 112, Hybrid rice 2, Moroberekan, WAB 878, Gaori (kindly provided by RRTC, Sakha, Egypt) beside Giza 177, Giza 178, Sakha 102, Sakha 104, Sakha 105, Sakha 106 and IET 1444. Such genotypes were sown on three different sowing dates i.e. 15 th April, 1 st May and 15 th May under three nitrogen fertilization levels; 40, 60 and 80 kg N/fed. Split plot design with three replications was used for each sowing date. Nitrogen levels allocated in main plots and rice genotypes were arranged in the sub plots. The seeds of each sowing date were sown in nursery using plastic trays; 60 x 30 x 3 cm. Thirty days old seedlings were transplanted individually in the sub plot. Each sub plot was 1.4 x 3 m area and consisted of 7 rows, 3 m long and 20 cm apart. Nitrogen in the form of urea (46% N) was applied in two equal doses one half was incorporated in the dry soil before flooding and the other was applied after 45 days from the first dose. All standard agronomic recommendations were followed. Observations were recorded on an individual plant basis for nine characters namely; number of days to 50% heading, plant height, panicle length, number of spikelets/ panicle, number of grains/ panicle, fertility percentage, number of panicles/ plant, 1000-grain weight beside grain yield which determine from the total weight of grain from each plot (the five inner rows) and then converted to calculate grain yield (ton/ fed). Snedecor and Cochran (1967) . The variances of the error from separate analysis of the data were subjected to homogeneity test (Bartlett, 1937) . The combined analysis was computed for the data of the two seasons according to Cochran and Cox (1957) . Data over the two seasons were subjected to phenotypic correlation and path analysis according to Svab (1973) . Phenotypic and genotypic coefficients of variability were estimated according the method stated by Burton (1952) . The expected genetic advance from selection was estimated according to Johnson et al., (1955) . Broad sense heritability for each sowing date over nitrogen treatments was calculated according to Singh and Chaudhary (1985) . Duncan's multiple rang test was used for the comparison between environments means (Duncan, 1955) . The standardized mean values of each character were used to the furthest Neighbour cluster analysis using appropriate procedures of the program SPSS 10 (SPSS 1995).
Analysis of variance was conducted for each season according to

RESULTS AND DISCUSSION
Analysis of variance and significance:
As shown in Table ( 1) the differences among the genotypes were highly significant for all the studied characters. This indicating the presence of a wide range of genetic variability among the genotypes. Also, the mean squares due to sowing dates and nitrogen treatments as well as all interaction effects viz., nitrogen x sowing dates, genotypes x sowing dates, genotypes x nitrogen and genotypes x nitrogen x sowing dates were significant or highly significant for all the studied characters, except for nitrogen x sowing dates in case of panicle length.
Main effects:
Data presented in Table ( 2) showed that the most favorable estimates of number of days to 50% heading, plant height were obtained under the third sowing date (May, 15) . Under such sowing date the plants were earlier by about 18 days, shorter by about 10 cm compared with the first sowing date. On the other hand, rice plants which sown in April, 15 exhibited the most favorable estimates of panicle length (22.1 cm), number of spikelets/ panicle (153), number of grains/ panicle (139.4), fertility percentage (91.5%), 1000grain weight (25.3 g) and grain yield (3.08 ton/fed.). Furthermore, the most desirable number of panicles/ plant (16.5) was recorded under the second sowing date.
Highly significant effects of nitrogen fertilization levels were detected for all the studied traits (Table 2 ). Data illustrated in Table ( 2) showed that the application of nitrogen fertilization at the rate of 60 kg N/fed caused significant increase in grain yield, number of grains/ panicle and panicle length. Moreover, number of days to 50% heading, plant height, panicle length, number of spikelets/ panicle, number of grains/ panicle and number of panicles/ plant increased with increasing nitrogen fertilization up to 80 kg N/fed. On the other side, adding 40 kg N/fed improved significantly fertility percentage and 1000-grain weight. Previous studies revealed that adding 80 or 120 kg N/ ha improved all the yield attributing characters compared with the control (Chopra and Chopra, 2000) . Also, Maiti et al. (2003) reported that increasing nitrogen level up to 140 kg N/ ha caused an increase in number of panicles/ plant, number of grains/ panicles and grain yield.
Highly significant differences were detected among the tested genotypes for all the studied traits. Results over the two seasons, sowing dates and nitrogen level showed that the most favorable estimates of grain yield (3.49 ton/ fed) and number of panicles/ plant (20.6) were detected for the Hybrid rice 2 and IET 1444, respectively. Also, Giza 178 rice cultivar exhibited the most beneficial estimates for fertility percentage (94.1%) and number of grains/ panicle (160.1). Moroberekan rice genotypes recorded the highest value of 1000-grain weight (28.7 g) and plant height (116.3 cm). Moreover, WAB 878 detected highest estimates for number of days to 50% heading (122 days), panicle length (26.8 cm) and number of spikelets/ panicle (174).
Interaction effects:
The interaction among genotypes, sowing dates, nitrogen fertilization for grain yield and two of the major yield components (number of grains/ panicle and number of panicles/ plant) over the two seasons are presented in Table ( 3). The most favorable mean number of grains/ panicle (186.5) was recorded through IET 1444 rice variety when it sown at the second sowing date and fertilized with 80 kg N/ fed. Under the two other sowing dates, Giza 178 rice cultivar recorded the maximum estimates for such trait associated with the highest nitrogen level. On the other hand, Gaori recorded the lowest number of grains/ panicle (85.2) associated with the latest sowing date and the first nitrogen fertilization.
Number of panicle/ plant was significantly affected by the interaction between rice genotypes, nitrogen levels and sowing dates. IET 1444 rice variety produced maximum number of panicles/ plant (22.5) when it fertilized with 80 kg N/ fed under the second sowing date. Contrary, Moroberekan gave lowest values (10.2) associated with the third sowing date and 60 kg N/ fed.
On the other hand hybrid rice 2 recorded the most favorable estimates of grain yield (4.42 ton/ fed.) when it sown in May, 1 and fertilized 80 kg N/ fed. While, Sakha 106 rice cultivar revealed lowest value of grain yield under the third sowing date and the first nitrogen level.
Correlations:
Grain yield is a complex character and an integrated function of yield-related traits. Therefore, identifying the characters which are closely related and which have contributed to grain yield becomes a pre-request for improving grain yield through selection. The correlation supply information about interrelationship among grain yield and its component traits, which is very useful in selection program. The phenotypic correlation coefficient between grain yield and the eight characters on one side, and among the agronomic characters themselves on the other side under three sowing dates combined over three nitrogen fertilizer levels, 13 rice genotypes and two years are presented in Table ( 4) . The correlation studies revealed strong positive correlation between grain yield and each of panicle length, number of spikelets/ panicle, number of grains/ panicle and number of panicles/ plant under all sowing dates. Suggesting that, grain yield can be improved in these rice genotypes by using these traits as selection criteria. Also, grain yield was significantly and positively correlated with plant height (0.186) under the second sowing date and with fertility percentage under the third sowing date (0.209). Similar results were also obtained by Kumar et al. (2011) . They found strong positive correlation between grain yield and number of panicles/ plant. Previous results showed that grain yield per plant exhibited highly significant positive correlation with number of filled grains/ panicle, total number of grains/ panicle and number of panicles/ plant (Satheeshkumar and Saravanan, 2012) . Rashid et al. (2014) reported that grain yield showed significant and positive correlation with each of days to heading, number of panicles/ plant and number of filled grains/ panicle. Number of days to 50% heading showed highly significant positive correlation with plant height, panicle length, number of spikelets/ panicle, number of grains/ panicle and 1000-grain weight. This was true under all sowing dates. While, it was negatively correlated with each of number of panicles/ plant (under the first sowing date) and fertility percentage (under the first and the second sowing dates). Similar results were also obtained by Sarker et al. (2014) . They found that number of days to 50% heading showed highly significant positive correlation with 1000-grain weight and grain yield. Plant height had positive and significant association with panicle length, number of spikelets/ panicle, number of grains/ panicle and 1000-grain weight, such results were true under all sowing dates. These results were, in general, agreement with the findings of Rashid et al. (2014) . They found that plant height was significantly correlated with number of grains/ panicle, number of panicles/ plant and grain yield. Panicle length revealed significant positive association with all the studied traits, except with fertility percentage and 1000-grain weight as it revealed non-significant correlation estimates. Previous results showed that panicle length had positive and significant association with number of grains/ panicle and number of productive tillers/ plant.
Significant positive correlation for number of spikelets/ panicle was detected with number of grains/ panicle (under all sowing dates) and with number of panicles/ plant (under the second sowing date). Other intercharacter correlation revealed that number of grains/ panicle was significantly and positively correlated with each of fertility percentage (under the third sowing date) and with number of panicles/ plant (under the first and the second sowing dates). These results were, in general, agreement with those of Sarker et al. (2014) . They found that number of filled grains/ panicle was significantly associated with plant height and number of panicles/ plant. Fertility percentage showed positive and significant correlations with number of panicles/ plant; 0.39 (under early sowing date) and 0.205 under the third one. However, its correlation with 1000-grain weight was negative and significant (under the first sowing date) and negligible under the two other sowing dates. On the other hand, number of panicles/ plant and 1000grain weight were negatively correlated under all sowing dates, this may be due to their compensatory relationship. These results were in general agreement with those obtained by Shabier et al. (2013) , Sarker et al. (2014) and Ramanjaneyulu et al. (2014) . From the aforementioned results of correlations, it is clear that relationship between most pairs of traits were approximately constant and showed the same direction under all environments, suggesting the possibility of selection for common traits for genetic improvement of yield under wide range of environments (El-Marakby et al., 2007) . Furthermore, selection of genotypes with high mean performance for panicle length, number of spikelets/ panicle, number of grains/ panicles and number of panicle/ plant will improve grain yield.
Path analysis:
Simple correlation does not provide adequate information about the contribution of each character towards grain yield. Therefore, path coefficient analysis was practiced to find out the relative importance of each character towards grain yield variations. Each component had a direct effect acting alone and indirect influence acting in combination with other variables. Path coefficient analysis between grain yield and each one of the specified traits under three sowing dates combined over three nitrogen fertilizer levels, 13 rice genotypes and two years are presented in Table ( 5) . It is clear from the results that the direct effect of heading date was positive and moderate (0.378) on grain yield under the third sowing date while, it was negative under the other sowing dates. The direct effect of plant height was positive; 0.158 and 0.251 on grain under the first and the second sowing dates, respectively. Similar results were obtained by Mehetre et al. (2003) who reported that the direct effect of days to flowering on grain yield was negative. Other results showed that days to 50% heading and plant height exhibited positive direct effect on grain yield (Sweta and Singh, 2010) The positive correlation of panicle length under the first sowing date (0.474) could mainly be attributed to its direct effect (0.276) and somewhat to its indirect effect through number of spikelets/ panicle (0.228). Although, panicle length was positively correlated with grain yield (under the second and the third sowing dates) but its direct effect on grain yield was negative. This indicated that these character influenced grain yield by its high positive indirect effects through number of spikelets/ panicle (1.83) under the intermediate sowing date and through heading date (0.332) and number of grains/ panicle (0.504) under the third sowing date. Previous results revealed that panicle length had the highest positive direct effect on grain yield (Bagheri et al., 2011) .
Number of spikelets/ panicle had the highest direct effect on grain yield; 1.746 (under the second sowing date) and detected a sizable direct effect (0.333) under the first sowing date. Although, the direct effect of such trait under the third sowing date was negative, it had a positive correlation with grain yield. This may be due to its indirect positive effect on grain yield through heading date (0.25) and number of grains/ panicle (0.728). The results of path analysis indicated that the direct effect of number of grains/ panicles was negative under the intermediate sowing date but its indirect effect via number of spikelets/ was high (1.635). So, the positive correlation of number of grains/ panicles with grain yield under such sowing date (0.607) may be mainly due to its indirect effect through number of spikelets/ panicle. On the other side, high positive direct effect (0.80) of number of grains/ panicle on grain yield was detected under the third sowing date. Other studies showed that number of grains/ panicle had highest direct effect on grain yield (Bagali et al., 1999 and Zahid et al., 2006) . Contrary, Akhtar et al. (2011) reported that number of grains/ panicle showed negative direct effect on grain yield but positive indirect effect through 1000-grain weight.
Fertility percentage showed positive direct effect on grain yield (0.612) under the intermediate sowing date. But such effects were negative under the two other sowing dates. However, the direct effect of fertility percentage on grain yield was negative under the latest sowing date, its positive correlation with grain yield may be mainly due to its positive indirect effect through number of grains/ panicle (0.234) and number of panicles/ plant (0.129). Number of panicles/ plant showed positive direct effect on grain yield under the second and the third sowing dates (0.439 and 0.626, respectively). Under the third sowing date, the positive correlation of number of panicles/ plant (0.594) with grain yield could mainly be attributed to its direct effect (0.626) on grain yield. The estimates of direct effects of 1000-grain weight on grain yield were negative under the first and the second sowing dates but such effects were positive under the third sowing date (0.148). Heading date S1 -0. The aforementioned results are, in general, agreement with those reported by Satheeshkumar and Saravanan (2012) . They found that number of days to first flowering, panicle length, number of spikelets/ panicle, number of grains/ panicle, fertility percentage and number of panicles/ plant exhibited positive direct effect on grain yield. They also reported that the maximum positive direct effects were observed for number of filled grains (2.08), number of spikelets/ panicle (1.86) and number of productive tillers/ plant (1.52). Gopikannan and Ganesh (2013) reported that panicle length, spikelet fertility and number of filled grains/ panicle expressed high and positive direct effect on grain yield. These results were also harmony with those obtained by Nagaraju et al. (2013) and Sarkar et al. (2014) .
Genetic parameters:
Data of variance components, coefficients of variability, broad sense heritability and genetic advance under three sowing dates combined over three nitrogen fertilizer levels, 13 rice genotypes and two years are presented in Table ( 6) . The results showed that the genotypic variance (σ 2 g) were highly significant for all the studied characters under all sowing dates, indicating a wide range of genetic variability among rice genotypes. Furthermore, the genotype by environments (sowing dates) interaction was highly significant for all the character under consideration. The genotypic coefficient of variation ranged from 5.84 to 16.49% (under the first sowing date), from 5.05 to 21.05% (under the second sowing date) and from 6 to 24.01% (under the third sowing date). The highest genotypic as well as phenotypic coefficients of variation were obtained in case of grain yield (under the first and the second sowing dates) and plant height under the third sowing date.
Among the studied characters, number of spikelets/ panicle, number of grains/ panicles, number of panicles/ plant and grain yield recorded more than 15% variation at phenotypic level. High genetic coefficients of variability for the aforementioned traits indicated that these traits might be more genotypically predominant and it would be possible to achieve further improvement from them. These results are in agreement with the previous results of zahid et al. (2006) . Similar results were also obtained by Akhtar et al. (2011) . They found that number of grains/ panicle, number of panicles/ plant and grain yield exhibited high phenotypic and genotypic coefficients of variability. The highest PCV and GCV were recorded for number of productive tillers/ plant; 26.06 and 24.69%, respectively and grain yield; 22.56 and 21.94%, respectively (Satheeshkumar and Saravanan, 2012) . Previous studies showed that the maximum PCV and GCV were detected by number of spikelets/ panicle followed by number of productive tillers/ panicle (Devi et al., 2012) .The heritability estimates in broad sense were either moderate or high for all the character under consideration under all sowing dates. Number of days to 50% heading showed estimates of broad sense heritability more than 98% under all sowing dates. While, such estimates were less than 80% in case of number of panicles/ plant; 76.46% (under the first sowing date), grain yield; 71.28% (under the intermediate sowing date) and number of grains/ panicle; 58.3% (under the third owing date). 
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Grain yield σ 2 G S1 115.37** 147.7** 5.1** 547.5** 445.8** 25.68** 6.04** 11.75** 0.258** S2 126.6** 160.3** 7.08** 442.9** 396.7** 19.9** 6.48** 11.34** 0.34** Previous studies showed that number of days to maturity, number of grains/ panicle and plant height recorded high estimates of broad sense heritability (Akhtar et al., 2011) . The estimates of heritability in broad sense were observed to be high in magnitude for all characters and ranged from 74.96 in case of fertility percentage to 99 % for 1000-grain weight (Satheeshkumar and Saravanan, 2012) . Sellammal et al. (2014) reported that days to 50% flowering showed high heritability estimates.
The genetic advance under selection as percentage of mean was found to be high for grain yield; 29.9, 36.6 and 30.3% for the three sowing dates, respectively. While, such estimates were minimized in case of fertility percentage. High heritability estimates coupled with high genetic advance were recorded for number of days to 50% heading, plant height and panicle length. Moreover, moderate heritability estimates associated with high genetic advance were observed for grain yield. Previous results showed that number of spikelets/ panicle recorded high heritability estimates along with high genetic advance (Ghosh and Sharma, 2012) .
Cluster analysis:
The genetic diversity of the thirteen rice genotypes was studied by using cluster analysis based on the mean performance of the character under consideration. The genotypes were categorized into four clusters (Fig.1) . The First cluster contained 4 genotypes; Giza 177, Sakha105, Sakha106 and Gaori. Such genotypes were distinguished by early heading, short plants, short panicles and lower number of spikelets and grains/ panicle. The second group included Sakha 102, Sakha 104 and hybrid rice 2 which detected medium estimates of heading date, plant height and 1000-grain weight. The third cluster including two indica rice genotypes; Giza 178 and IET 1444 which possess higher number of grains/ panicle, high spikelet fertility and high grain yield. There are two sub groups in cluster four. Moroberekan rice variety was clearly separated into one sub group. This genotype detected highest estimates of days to 50% heading, plant height and 1000-grain weight. The other sub group including drought tolerance genotypes; IRAT 170, IRAT and WAB 878. Such genotypes distinguished with late maturity, tall plants and large panicles. The genotypes from between clusters can be utilized in hybridization program to improve grain yield (Lingaiah et al., 2014) . Previous results showed that some of Egyptian rice genotypes possess high degree of similarity (Sarker et al., 2005) . Based on cluster analysis, 32 rice cultivars were classified in four groups (Florence et al., 2010) .
The Dendrogram of cluster analysis classified the nine traits in two clusters (Fig. 2 ). The first one comprised grain yield and three of major yieldrelated traits viz., number of panicles/ plant, 1000-grain weight and panicle length. There were two sub groups in cluster two. One of the sub group belonged to cluster two included heading date, plant height and fertility percentage. While, number of grains/ panicles and number of spikelets/ panicle were clearly separated in one sub group. These results were, in general, harmony with those obtained from characters association.
